Histological
Study on the Innervation, especially on the Sensory Innervation of the Lung in Hedgehog. (Received December 29, 1959.) Since more than a score of years ago, studies on the nerve supply, especially, In succession of these illustrious predecessors, the present auther was given the opportunity of studying the innervation of the lung of a hedgehog. The materials, frozen sections and these were stained by SETO's silver impregnation method. The large series of the beautifully stained preparations thus obtained were minutely examined under a microscope, the findings were studied in comparison with the reported findings on the innervation of the lungs of man and the other animals cited above (referred to as the other animals hereunder) and some interesting results have been obtained, as detailed hereunder.
I. Individual Findings.
I will first touch upon the common histology of the lung of the hedgehog, before entering upon my description on the nerve supply of the part, for the fine structure of the lung of this animal has not yet been described in details, and, moreover, very interesting constructions not found in the other animals have been discovered therein.
The largest-sized intrapulmonary bronchial branches of hedgehog have the diameter of only ca. 3mm, that is, are about one-third as large as those of goat or dog, but are somewhat larger than those of bat. The cartilaginous pieces around the major bronchial branches, similar to those in bat, are very ill developed and are of hyaline nature, but are not ossified as some of those in bat. in diameter (Fig. 1 ). In these, the longitudinal mucons folds become lower, the epithelium is a 1-2-rowed ciliated epithelium and the muscularis is far thinner than in the former. A very small number of bronchial glands are still observable in their adventitia. The small-sized bronchiel branches coming next (Figs. 1 and 2) are 0.5-0.7mm in diameter, ther mucous folds are still lower, the epithelium is a one-rowed ciliated epithelium, the circulari muscularis thins further down and bronchial glands are seen no more. In the bronchioli of 0.3-0.4mm diameter, the mucous folds are extremely ill developed. These may be called the bronchioli terminates and have a one-rowed ciliated epithelium and a layer of very thin 2-rowed circular smooth fibres. These ducts take comparatively long courses before passing over into the bronchioli respiratorii, but the boundary of transition is very indefinite, because the epithelium remains to be the same ciliated epithelium in most cases, a cubic epithelium appearing only more rarely, and the walls of the respiratory bronchioles are devoid of alveoli as those of bat. A very small number of smooth fibres are found The interlobular septa are very frequently invisible, as in bat. The media of the v. pulmonalis is not composed of heart muscle fibres as it is in bat, but is of smooth muscle fibres as in man and the other animals. Its development, however, is very poor in hedgehog.
The pleura visceralis is a rather thick layer of connective tissue rich in cell nuclei and covered by a one-rowed flat epithelism.
It is of interest that, be it so sporadic, some groups of dense packed smooth muscle fibres should be found in this pleura of hedgehog. Some of these fibre groups consist of a slingle muscle bundle but some contain half a dozen bundles, which run in random directions, sometimes The fundamental bronchial plexus originating in the pulmonary plexus found in the walls of the major bronchial branches is most typically formed in man, is far worse developed in goat and dog, and still lower in development in the lower mammal the bat, as far as the studies at this laboratory have ascertained.
In my hedgehog of the lower order of mammals, its development was similar to that of the plexus in bat. The nerve bundles composing the bronchial plexus run periadventitially and ganglia are formed here and there along their courses (Figs. 6 and 7).
In comparison with those of man, dog or goat, the numbers of both the ganglia and the ganglion cells composing them are far smaller in hedgehog, the largest of the ganglia in the latter containing only 15-20 cells. The nerve cells retain their characteristic multipolarity, but cells with prominent processes are rather very few, most of the cells giving the impression of apolarity. In consequence, nerve cells with prominet processes as might be ascribed to either Type I or Type II of DOGIEL could be hardly detected. In this respect, the hedgehog stands on a similar level as The nerve bundles of the bronchial plexus, as shown in Fig. 6 , comprise both non-myelinated fine vagetative fibres and myelinated thick sensory fibres, the former occupying the majority in most cases, but in rarer cases, the latter outnumber the former. Some of the minor nerve bundles are almost wholly composed of sheer sensory fibres. Interestingly enough, the ratio of the number of vegetative fibres to that of the sensitive fibres in this plexus is considerably larger in hedgehog than in man, dog or goat. The terminations of the vegetative fibres are always in the form of the STOHR's terminal reticula in the lung of this animal as everywhere else, and are particularly well developed in the muscle tissue and also typically formed around the blood vessels.
It is undoubtedly a great contribution to the advance of neurology that since the days of SUNDER-PLASSMANN and HAYASHI, and especially, through many studies at this laboratory, the existence of sensory terminations of various types in the lung of man and many other animals has been clearly demonstrated.
Of the sensory terminations found in the human lung, the sensory terminations Type I concerned with the blood-pressure falling reflex found in the muscularis of the major bronchial branches discovered by SUNDER-PLASSMANN must be mentioned first. Terminations seemingly belonging in this type are found in the welldeveloped muscularis of the large-and medium-sized bronchial branches of hedgehog too (Figs. 8 and 9 ). These are in the form of complex terminations containing frequent very typical neurofibrillar leaves in the human lung, but in that of hedgehog, they are far poorer in development, terminations with such fibrillar leaves being not found Previously, NUMATA has found similar terminations, sometimes even rather complex branched ones, in the muscularis of the bronchial walls of bat. In my specimens of hedgehog, however, these terminations are very simply formed in most cases, including only unbranched and simple branched terminations, and such examples of somewhat complex type in which a thick stem fibre ends in the muscularis after branching out into a few branch fibres, as shown in Fig. 10 epithelial sensory terminations have been found in the small-sized bronchial branches only but never in any of the larger branches. This is in high contrast to the case of such terminations in the human, the canine or the chiropterian lung.
The subepithelial sensory terminations are found only rather sporadically in the large-and medium-sized bronchial branches but are more abundant and more or less complex in formation in the small sized branches.
In Fig. 11 are illustrated a medium-sized and 2 large-sized sensory fibres running into the propria mucosae passing between the muscle bundles of the muscularis of a large-sized bronchial branch. It is very rare to find 2 or 3 sensory fibres thus running in company subepithelialwards.
In most cases such fibres are found solitarily.
In Fig. 12 is illustrated another sensory termination found also in a large bronchial branch, a bifurcated one. Here, a thick sensory fibre with frequent change in size forms a small loop just before branching out into 2 terminal fibres which end bluntly close to the underside of the epithelium. An unbranched termination of sim- Fig. 10 . A sensory termination Type I concerned with the blood-pressure falling reflex consisting of a few thick branch fibres showing conspicuous change in size found in the muscularis (m) of a major bronchial ple glomerular type found also in a large sized bronchial branch is illustrated in Fig.  13 . Here, we see a medium-sized sensory fibre running closely along the underside Fig. 11 . A medium-sized (m) and 2 large-sized (l) sensory nerve fibres running into the propria mucosae passing between the muscle bundles of the muscularis (s) of a large-sized Therefore, a drawing of the part very distinctly illustrating the glomerular arrangement is appended (Fig. 14) . Some such extremely simply formed glomerular terminations have been found, though quite rarely.
Subepithelial sensory terminations are found in the medium-sized bronchial branches also, in a number somewhat smaller than in the above. In Fig. 15 is shown an example of such terminations -a bifurcated termination formed by a mediumsized sensory fibre showing somewhat frequent change in size. One of the terminal fibres runs a markedly winding course before ending sharply just beneath the epithelium, but the other comes very soon to a sharp end.
In the small-sized bronchial branches are found subepithelial terminations in a larger number and in more complex form than in the larger branches. Some of these are formed by enormously thick fibres and some rare specimens of intraepithelial terminations are found besides the large number of subepithelial terminations in these small bronchial branches.
In Fig. 16 , we see a thick and a thin sensory fibres running through the muscularis into the thin propria with some fine vegetative fibres and ending in sharp points as unbranched sensory terminations. In Fig. 17 Fig. 18 . The thick stem fibre, after losing its myelin sheath, passes over into an exceedingly thick terminal fibre which further gains in size during its course showing frequent and conspicuous change in size, then bifurcates into somewhat thinner short branches which thin down abruptly into sharp points just beneath the epithelium.
Some such terminations of enormously thick fibres are found also within the walls of the small-sized bronchial branches on rare occasions. In Fig. 19 fibres, which form small nerve bundles containing also some vegetative fibres and pass through the parenchyma of the lung into the pleura visceralis. These bundles run further to the pleural periphery and the sensory fibres in them, upon reaching their terminal area, branch out into 2 or 3 terminal fibres each, which run short or long wavy courses to end sharply near the epithelium of the pleura. In some cases, however, sharp-tipped unbranched terminations are formed beneath the epithelium (Fig. 24) . Thus, I found in the pleura visceralis of hedgehog quite a large number of sensory fibres, which end subepithelially in unbranched or simple branched terminations.
I did not succeed to clarify the biological significance of the small groups of smooth muscle fibres found in the visceral pleura of hedgehog, but taking into consideration the fact that sensory fibres are very often seen running through or around these groups (Fig. 24) bat, but in different construction and distribution density from those in the other ani mals. Very few of these terminations are found within the epithelium of the smallsized bronchial branches only, the greatest majority of them consisting of unbranched and simple branched terminations formed beneath the epithelium. The terminal fibres of these terminations are large or medium in size and show conspicuous change in size during their winding courses and usually end just beneath the epithelium in sharp or blunt points. Such subepithelial terminations are found only sporadically in the large-and the medium-sized bronchial branches but more abundantly and somewhat more complex in form in the small-sized branches. Some very simple glomerular terminations were also discovered. 
